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IND APPARATUS FOR BACKSIDE POLYMER REDUCTION IN DRY- 
ETCH PROCESS 



FIELD OF THE INVENTION 

[0001] The present invention relates, most generally, to semiconductor devices 
5 and methods for forming the same. IVIore particularly, the present invention relates to a 
method and apparatus for backside polymer reduction in dry etching operations. 

BACKGROUND 

[0002] Yield enhancement is a goal in virtually all manufacturing processes 
including manufacturing processes used in the semiconductor manufacturing industry. 

10 In the semiconductor manufacturing industry where device feature sizes can be in the 
nanometer range, there is a close correlation between device yield and contamination 
levels. Semiconductor devices are especially sensitive to particle contamination and 
the presence of one very small particle can destroy an entire semiconductor device. It 
is therefore desirable to reduce particle contamination in each of the multitude of 

1 5 manufacturing processes used to fomn a semiconductor device. 

[0003] Dry etching processes, also referred to as plasma etching processes, are 
carried out to etch various films at various stages of the semiconductor manufacturing 
operation and produce various device features. Multiple plasma etching operations are 
generally required to form a semiconductor device. One shortcoming of such plasma 

20 etching operations is the generation of polymers as etch by-products within the etching 
chamber. The polymers can adhere to various surfaces within the etch chamber and 
become dislodged, contaminating the chamber. One particulariy prevalent and 
problematic location where polymer buildup is common, is the backside of a 
semiconductor substrate being etched, particularly at the peripheral edge of the 

25 substrate. When a polymer film is fomned on the peripheral edge of a semiconductor 
substrate, any janing of the substrate or movement of the substrate which causes the 
edge of the substrate to contact another surface, typically causes the polymeric film to 
delaminate and flake. This generates particles that may fall immediately on the top. 
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device side of the substrate or at least contaminate the chamber In which the substrate 
is located, which may ultimately result in device contamination and failure. The 
generation of backside polymeric films is especially prevalent in dielectric etching 
operations, In particular etching operations that utilize CxFyHz chemistries such as CsFg, 
5 C4F6. CH2F2, and CHF3. Using conventional technologies, the polymer buildup on the 
backside of the substrate being etched, particulariy on the beveled peripheral edge, 
may include a thickness ranging from 1000 angstroms to 6000 angstroms. Such a thick 
polymer film can result In the generation of considerable particle contamination which 
can destroy devices and lower yield. 
10 [0004] It would therefore be desirable to provide etching processes, in particular 
plasma etching processes for etching dielectric materials, that eliminate or at least 
reduce the formation of contaminating polymeric films on semiconductor substrates. 

SUIVIMARY OF THE INVENTION 

[0005] To achieve these and other objects and in view of its purposes, the 
15 present invention addresses the shortcomings of conventional plasma etching process 

technologies and provides a plasma etching operation that reduces contamination by 

preventing or reducing the formation of polymeric films on the substrates being etched. 

[0006] In one exemplary embodiment, the present invention provides a plasma 

etching apparatus comprising a chuck for retaining a substrate and additional hardware 
20 that includes oxygen therein such that the oxygen is released when an etching 

operation is camed out. In one embodiment, the additional hardware may be a focus 

ring that surrounds the chuck. 

[0007] In another exemplary embodiment, the present invention provides a 
plasma etching apparatus comprising a chuck for retaining a substrate, and a focus 
25 ring. At least one of the chuck and the focus ring includes oxygen therein such that the 
oxygen is released when an etching operation is carried out. 

[0008] In another exemplary embodiment, the present invention provides a 
plasma etching apparatus comprising an etch chamber including therein a chuck for 
retaining a substrate and a focus ring. The focus ring is maintainable at a temperature 
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no greater than the temperature of the substrate while an etching operation is carried 
out in the etch chamber. 

[0009] In yet another exemplary embodiment, the present invention provides a 
method for etching a semiconductor device on a substrate. The method includes 
5 providing an etching tool that includes a chuck for retaining a substrate therein and an 
oxygen-impregnated focus ring therein. The method further provides for perfomiing an 
etch operation such that the oxygen is liberated. 

[0010] According to a further exemplary embodiment, the present invention 
provides a method for etching a substrate comprising providing an etching apparatus 

10 including an etching chamber having therein a chuck for retaining a semiconductor 
substrate and a focus ring. The method further provides for etching a film on a 
substrate disposed on the chuck, maintaining the focus ring at a temperature no greater 
than the temperature of the substrate, and maintaining at least a portion of the focus 
ring In contact with the chuck during etching. 

15 [0011] In still another exemplary embodiment, the present invention provides a 
method for etching a substrate comprising providing a substrate on a chuck, etching the 
substrate, generating an oxygen plasma and performing a clean operation while the 
substrate is on the chuck, and further generating a further oxygen plasma and 
performing a further clean operation while the substrate is spaced above the chuck or 

20 further chuck. 

[0012] In another exemplary embodiment, the present invention provides a 
method for etching a semiconductor substrate comprising providing an etching tool 
having an etch chamber including a semiconductor substrate disposed on a chuck and 
substantially peripherally surrounded by a focus ring that includes oxygen incorporated 

25 therein. An etching operation is performed such that the oxygen is liberated and the 
method further includes maintaining the focus ring in contact with the chuck and at a 
temperature no greater than the temperature of the substrate during the etching 
operation. After the etching operation is performed, the method further provides for 
generating an oxygen plasma and cleaning the semiconductor substrate with the 

30 oxygen plasma while the semiconductor substrate is disposed on the chuck and, after 
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the etching operation, generating a further oxygen plasma and further cleaning the 
semiconductor substrate with the further oxygen plasma while the semiconductor 
substrate Is spaced over the chuck. A mixture of helium and oxygen is directed through 
openings formed in the chuck or the further chuck in a cooling operation. 

5 BRIEF DESCRIPTION OF THE DRAWING 

[0013] The present Invention is best understood from the following detailed 
description when read In conjunction with the accompanying drawing. It is emphasized 
that, according to common practice, the various features of the drawing are not 
necessarily to scale. On the contrary, the dimensions of the various features are 
10 arbitrarily expanded or reduced for clarity. Like numerals denote like features 
throughout the specification and drawing. Included in the drawing are the following 
figures: 

[0014] FIG. 1 is a top view showing an exemplary arrangement of an apparatus 

according to the present invention; 
15 [0015] FIG. 2 is a cross-sectional view showing an exemplary configuration of an 

exemplary oxygen-containing focus ring according to the present Invention; 

[0016] FIG. 3 is a cross-sectional view showing an exemplary configuration of 

another exemplary oxygen-containing focus ring according to the present invention; 

[0017] FIG. 4 Is a cross-sectional view showing an exemplary cooling feature of 
20 the present invention; 

[0018] FIGS. 5 and 6 are cross-sectional views showing two operations in an 

exemplary cleaning sequence according to the present invention; 

[0019] FIGS. 7A and 7B are cross-sectional views illustrating a cleaning aspect of 

the present invention: FIG. 7A shows particle contaminants being retained by a 
25 substrate according to the PRIOR ART and FIG. 7B shows an aspect of the present 

invention that illustrates polymeric material being attracted away from the substrate; and 

[0020] FIG. 8 shows a focus ring/pedestal anangement that allows for cooling 

and the prevention of particle buildup on a substrate, according to another aspect of the 

present invention. 
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DETAILED DESCRIPTION 

[0021] The present invention is directed to a method and apparatus for 
eliminating or preventing the fomiation of polymer film on the backside of a substrate, 
also known as a wafer, during dry/plasma etching operations used to pattern films or 
5 other features formed on the front side of the substrate. The present invention applies 
to various substrate sizes and various substrate materials upon which semiconductor 
devices are fomied. Silicon and gallium arsenide are examples of semiconductor 
substrate materials commonly used in today's semiconductor manufacturing industry. 
The method and apparatus of the present invention applies to various plasma etching 
10 tools manufactured by various equipment manufacturers. The method and apparatus of 
the present invention may be used in various types of dry etching operations used to 
etch various films at various stages in the semiconductor device manufacturing 
processing sequence. Reactive ion etching, RIE, is such an exemplary dry etching 
operation. 

15 [0022] FIG. 1 is a top view of an exemplary arrangement between wafer 2 and 
focus ring 6. Beneath wafer 2 and not visible in FIG. 1, is a chuck which retains wafer 
2. Wafer 2 may sit securely on the chuck due to gravity, vacuum, or various other 
mechanical clamping means. In other exemplary embodiments, the chuck may further 
extend peripherally about peripheral edge 4 of wafer 2. Focus ring 6 Is generally 

20 annular in shape and continuously surrounds peripheral edge 4 of wafer 2 which is 
generally round. Focus ring 6 is used to prevent arcing and to maintain the integrity of 
the plasma during plasma, or dry etching operations. 

[0023] The components illustrated in FIG. 1 may be disposed in the etch 
chamber of various dry etching tools. An aspect of the present invention is the 
25 presence, in the etch chamber, of hardware in which oxygen is incorporated such that 
the oxygen is liberated during a plasma etching operation. The release of oxygen in the 
vicinity of wafer edge 4 prevents the fomnation of polymeric films on the underside of 
substrate 2 particulariy in the edge region, for example. 

[0024] FIGS. 2 and 3 illustrate two exemplary embodiments of the oxygen- 
30 containing hardware aspect of the present invention. Each of FIGS. 2 and 3 are cross- 
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sectional views of a peripheral portion of wafer 2 which is shown in FIG. 1 to be 
generally circular In shape. Refemng to each of FIGS. 2 and 3, wafer 2 may be fonned 
of silicon, gallium arsenide or any of various other substrate materials commonly used 
in the semiconductor manufacturing industry. Wafer 2 is seated on chuck 14. Chuck 14 
5 includes pedestal portion 16 which receives wafer 2 thereon and has approximately the 
same shape as the wafer it receives, and chuck 14 also includes peripheral portion 18 
that extends peripherally exterior to the circumference, or edge, of wafer 2. Wafer 2 
and con-esponding pedestal portion 16 are generally round and may be of various 
dimensions. In an exemplary embodiment, chuck 14 may be an electrostatic chuck 

10 (ESC). Wafer 2 includes top surface 8 which includes semiconductor devices being 
fabricated thereon, and bottom surface 12, including underside edge 10 which is 
beveled in the illustrated embodiment. Bottom surface 12 is generally considered the 
backside or underside of wafer 2. During conventional etching procedures used in the 
prior art, polymer buildup on underside edge 10 is prevalent and can lead to 

1 5 contamination when the polymeric film flakes off or is otherwise disengaged from wafer 
2. Peripherally sunnounding wafer 2 is focus ring sets 6A, 6B in FIGS. 2 and 3, 
respectively. Focus ring sets 6A and 68 each include two components in the exemplary 
embodiments illustrated in FIGS. 2 and 3: oxygen-containing focus ring sections 22A 
and 22B; and further focus ring sections 24A and 24B. Oxygen-containing focus ring 

20 sections 22A and 22B include oxygen within the focus ring material and are designed so 
that oxygen is released during an etching process and in a particular embodiment, so 
that oxygen will be released during a CxFyHz etching process. Various oxygen- 
containing materials, and various techniques for impregnating oxygen Into other 
materials, may be used to form oxygen-containing focus ring sections 22A and 22B. In 

25 an exemplary embodiment, oxygen-containing focus ring sections 22A and 22B may be 
formed of quartz and in another exemplary embodiment they may be formed of other 
ceramic materials.. In FIG. 2, oxygen-containing focus ring section 22A extends 
peripherally around circumferential edge 4 of wafer 2 as well as extending peripherally 
below circumferential edge 4 of wafer 2. In FIG. 3, oxygen-containing focus ring section 
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22B is disposed just beneath bottom surface 12 of wafer 2 and extends peripherally 
around wafer 2. 

[0025] Oxygen-containing focus ring section 22A may be designed in conjunction 
with various different etch operations to ensure that oxygen is released during the 
5 associated plasma etch operation, i.e. the oxygen content and structure within the focus 
ring material are chosen to assure release of oxygen for a given set of etch conditions 
such as etch chemistry, power, bias, and so forth. In one exemplary embodiment, 
oxygen-containing focus ring section 22A may be designed so that oxygen is released 
during etch processes used to etch dielectric materials such as low-k materials. In an 
10 exemplary embodiment, oxygen-containing focus ring section 22A may be formed of 
quartz, SiOz, which reacts with a CxFyHz plasma to release oxygen according to the 
following equation: 
[0026] 

Si02 + CF4 -* SiF4 + COF2 + O2 

15 [0027] Gap 26 is designed to be sufficiently small, with respect to the diameter of 
wafer 2, to insure O2 release proximate to peripheral edge 4. The oxygen within gap 26 
reduces the concentration of carbon-containing species within gap 26 by reacting with 
these carbon species, and thereby prevents the formation of a carbon-containing 
polymer layer on underside edge 1 0 of wafer 2. Underside edge 1 0 of wafer 2 is shown 

20 as beveled in the exemplary embodiment. According to an exemplary embodiment of 
the invention, the concentration of carbon-containing species within gap 26 is 
significantly less than the concentration of the carbon-containing species above top 
surface 8 of wafer 2. 

[0028] The two piece focus ring set illustrated in FIGS. 2 and 3 is exemplary only 
25 and other an-angements may be used. In another exemplary embodiment, focus ring 
set 6 may take the form of a single focus ring having all or part of the focus ring 
containing oxygen. Applicants have discovered that the use of various oxygen- 
containing focus ring embodiments of this aspect of the present Invention, prevents a 
polymer film of a thickness greater than 500 angstroms from forming on underside edge 
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10 of wafer 2 during various dielectric etching processes that use CxFyHz etching 
chemistries. 

[0029] In another exemplary embodiment, at least a portion of chuck 1 4 is formed 
of an oxygen-containing material such that the oxygen will be released during reaction 
5 with the etching plasma as described above in conjunction with oxygen-containing focus 
ring sections 22A and 22B. In this exemplary embodiment, the oxygen liberated from 
chuck 14 during the etching operation, similarly restricts the formation of a polymer film 
on the backside of wafer 2. In one exemplary embodiment, chuck 14 may be coated 
with an oxygen-containing material. 

10 [0030] In another exemplary embodiment, each of a portion of the focus ring sets 
6A or 6B and chuck 14 may have oxygen incorporated therein such that the oxygen 
from either or both of the oxygen-containing components is released by reaction with 
etch gases during an etch operation. In yet another exemplary embodiment, other 
hardware within the etch chamber may be formed of an oxygen-containing material 

15 such that oxygen Is released during an associated etching operation. 

[0031] Another aspect of the present invention Is providing oxygen to the 
substrate region during or after an etching operation through a plurality of conduits 30 
that extend through pedestal portion 16 of chuck 14 as shown in FIG. 4. According to 
this embodiment, oxygen may be mixed with helium and directed to the wafer for 

20 cooling or other purposes such as within gas mixture flow 32 which Is directed to wafer 
2 through conduits 30. The shape and orientation of conduits 30 Is intended to be 
exemplary only. The presence of oxygen in the substrate area further reduces 
polymerization on bottom suri'ace 12 of wafer 2 as discussed above in conjunction with 
the oxygen liberated from the focus ring set and/or the chuck. Gas mixture flow 32 may 

25 be directed toward wafer 2 either during or after an etching operation, or both. 

[0032] In another aspect, the present Invention utilizes oxygen plasma In a 
sequence of plasma cleaning operations to prevent or reduce backside polymer buildup. 
The oxygen cleaning operations may be earned out either in-situ or ex-situ with the 
corresponding plasma etching operation(s). After an etching operation, a first O2 

30 plasma cleaning step is earned out during which wafer 2 rests on surface 20 of pedestal 
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portion 16 of chuck 14 as shown in FIG. 5. Plasma 36 is an O2 plasma and includes 
characteristics suitable for cleaning. Chuck 14 may be an ESC in an exemplary 
embodiment. FIG. 6 shows the subsequent step in an exemplary cleaning sequence 
and shows wafer 2 suspended over chuck 14 by pins 38. It can be seen that gap 40 
5 exists between wafer 2 and top surface 20 of pedestal portion 16. Various other means 
for spacing wafer 2 above surface 20 may be used in other exemplary embodiments. 
Various oxygen plasma cleaning procedures may be used in both the pin-down and pin- 
up cleaning operations. In one exemplary embodiment, each of the etch operation, the 
pin-down O2 plasma cleaning operation (FIG. 5) and the pin-up O2 plasma cleaning 

10 operation (FIG. 6) may be carried out in the same etching chamber. In another 
exemplary embodiment, two or more of the aforementioned operations may occur at 
different locations; i.e., over different chucks 14 or in different etching chambers 
altogether. In an exemplary embodiment, the sequence of O2 plasma cleaning 
operations may take place after a dielectric or a low-k material has been etched. In one 

1 5 exemplary embodiment, the pin-up cleaning operation may be canried out first, followed 
by the pin-down cleaning operation. In one exemplary embodiment, after a dielectric 
having a dielectric constant less than 3.2 has been etched, the pressure during the O2 
plasma cleaning operations may be less than 100 millitorr. In another exemplary 
embodiment, after a dielectric having a dielectric constant greater than 3.2 has been 

20 etched, a pressure of more than 50 milliton- may be used in either or both of the O2 
cleaning operations. Various other suitable pressures and other processing parameters 
may be used in other exemplary embodiments. 

[0033] In another aspect, the present invention provides for maintaining the focus 
ring or focus ring set at a comparatively cool temperature to decrease polymer adhesion 

25 to a semiconductor substrate. The sticking coefficient of radicals such as polymeric 
radicals that may be produced as etch by-products during etching operations, increases 
when surface temperatures are reduced. FIG. 7 shows a prior art arrangement and 
illustrates polymer 42 adhering to wafer 2 in a conventional an-angement In which the 
temperature of hot focus ring 46H exceeds the temperature of wafer 2. The present 

30 invention addresses this concern and provides cool focus ring 46C such as shown in 
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FIG. 7B. When the temperature of the cool focus ring 46C is below the temperature of 
substrate 2, the sticking coefficient favors polymer 42 adhering to the cold focus ring 
46C. The present invention provides for furnishing a cooling effect to cool focus ring 
46C as show in FIG. 8. 

5 [0034] In the exemplary embodiment shown in FIG. 8, wafer 2 is disposed on 
chuck 14 which may be an ESC. The components may be disposed in the etch 
chamber of various dry etching tools. Gap 26 is retained peripherally between wafer 2 
and focus ring 50 in the illustrated embodiment. In addition to pedestal portion 16, 
chuck 14 includes landing 52 which extends peripherally around an outer circumference 

10 formed by wafer edge 4. Focus ring 50 maintains themnal contact with chuck 14 as 
surface 52 of focus ring 50 fomns a contenninous boundary with annular landing 48. 
Focus ring 50 therefore extends peripherally around wafer 2 and has an annular shape. 
Chuck 14 may be cooled externally using various conventional techniques. In one 
exemplary embodiment, chuck 14 may be cooled by cycling a coolant such as mixture 

15 of deionized water and an organic solvent, throughout chuck 14. In various 
conventional etching operations, wafer 2 may achieve temperatures in the vicinity of 
gO'C to 100°C during the etch operation. In one exemplary embodiment, chuck 14 may 
be maintained at a temperature of at least 50X less than the temperature of wafer 2 
during an etch operation. Chuck 14 may be maintained at a temperature of about 20- 

20 30°C in one exemplary embodiment. According to conventional, prior art, processing 
such as shown in FIG. 7A in which focus ring 46H is not cooled, focus ring 46H may 
attain temperatures as high as 150X during etching. According to the themrial contact 
aspect of the present invention as illustrated in FIG. 8, focus ring 50 may be maintained 
at a temperature no greater than the temperature of wafer 2 due to the lower thermal 

25 conductivity material of the focus ring and the themial contact between focus ring 50 
and chuck 14 which is actively cooled. 

[0035] The preceding merely illustrates the principles of the invention. It will thus 
be appreciated that those skilled in the art will be able to devise various arangements 
which, although not explicitly described or shown herein, embodied the principles of the 
30 invention and are included within its scope and spirit. For example, the various aspects 
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of the present invention may be used in combination. Furthemiore, all examples and 
conditional language recited herein are principally intended expressly to be only for 
pentagonal purposes and to aid in illustrating the principles of the present invention and 
the concepts contributed by the inventors to furthering the art, and are to be construed 
5 as being without limitation to such specifically recited examples and conditions. 
Moreover, all statements herein reciting principles, aspects, and embodiments to the 
invention, as well as specific examples thereof, are intended to encompass both 
structural, functional, and procedural equivalents thereof. Additionally, it is intended that 
such equivalents include both cun-ently knbwh equivalents and equivalents developed in 
10 the future, I.e.. any elements developed that perfomn the same function regardless of 
staicture. 

[0036] This description of the exemplary embodiments is intended to be read in 
connection with the accompanying drawings, which are to be considered part of the 
entire written description. In the description, relative terms such as "lower," "upper," 

15 "horizontal," "vertical,", "above," "below." "up," "down," "top" and "bottom" as well as 
derivative thereof (e.g., "horizontally," "downwardly," "upwardly,"etc.) should be 
construed to refer to the orientation as then described or as shown in the drawing under 
discussion. These relative terms are for convenience of description and do not require 
that the apparatus be constructed or operated in a particular orientation. Tenns 

20 concerning attachments, coupling and the like, such as "connected" and 
"interconnected," refer to a relationship wherein structures are secured or attached to 
one another either directly or indirectly through inten^ening stmctures, as well as both 
movable or rigid attachments or relationships, unless expressly described othenwise. 
[0037] Although the invention has been described in terms of exemplary 

25 embodiments, it is not limited thereto. Rather, the appended claims should be 
constmed broadly, to include other variants and embodiments of the invention, which 
may be made by those skilled in the art without departing from the scope and range of 
equivalents of the invention. 
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